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It has become evident that P-cadherin, one of the classical cadherins, contributes to the malignant behavior of several types of cancer. In this study, we analyzed the expression of P-cadherin and its clinicopathological and prognostic values in intrahepatic cholangiocarcinoma (ICC) and pancreatic cancer. Furthermore, we investigated the functional role of P-cadherin in these cancer cells by knockdown and overexpression in vitro and by analyzing the correlation between the P-cadherin expression and its promoter methylation status. Thirty of 59 ICC cases (51%) and 36 of 73 pancreatic cancer cases (49%) stained positive for P-cadherin with mainly membranous distribution in tumor cells by immunohistochemistry. Pcadherin expression was significantly correlated with several clinicopathological factors, which reflect tumor behavior, and was identified as an independent adverse prognostic factor for disease-free survival in patients with ICC (relative risk [RR] 2.93, P = 0.04) and pancreatic cancer (RR 2.68, P = 0.005) via multivariate analyses. P-cadherin downregulation by siRNA suppressed migration and invasion, and P-cadherin overexpression induced the opposite effects in both ICC and pancreatic cancer cells, without any effects on cell proliferation. P-cadherin expression was related to its promoter methylation status in both cell lines and cancer tissues. In summary, P-cadherin overexpression may serve as a useful biomarker of invasive phenotype and poor prognosis; P-cadherin expression was found to be regulated by its promoter methylation. These results suggest that P-cadherin represents a novel therapeutic target for the treatment of ICC and pancreatic cancer.
I
ntrahepatic cholangiocarcinoma (ICC) is the second most common type of primary hepatic malignancy after hepatocellular carcinoma, and accounts for 10-15% of primary liver cancers. (1) In Japan, mortality rates of ICC was increased by approximately 20% between 1980 and 2000. Both the incidence and mortality rate of ICC have increased drastically in recent years. (2) Although surgical resection is the only current curative treatment for long-term survival, surgery is not suitable for most patients. Pancreatic cancer is the fourth leading cause of cancer-related mortality, and has a poor prognosis, with an overall 5-year survival rate of 6%. (3) Although surgical resection provides the only potentially curative treatment for patients with pancreatic cancer, only 10% of patients with pancreatic cancer are treated with curative resections; the remaining patients are treated conservatively. (4) Even among patients who undergo surgical resection with curative intent, only 20-25% survive longer than 5-years. (5) Information on the molecular pathogenesis of ICC and pancreatic cancer is limited, and new therapeutic targets need to be identified urgently.
Cadherins are key cell adhesion molecules that affect organ development and maintenance. They display tissue-specific distribution, and are identified as epithelial (E), neuronal (N) and placental (P) cadherin isoforms.
(6) P-cadherin was first identified in mouse placenta. (7) P-cadherin mediates cell-cell adhesion via calcium-dependent hydrophilic interactions. (8) P-cadherin is linked to the actin cytoskeleton through catenin, thereby establishing the cadherin-catenin complex. (9) These molecules play important roles in both cellular adhesion and in signal transduction activities that influence several important biological processes, such as tissue development, cell migration, cell scattering and tumorgenesis. (8) In humans, P-cadherin expression is restricted to the basal epithelial layers, which indicates a role in cell growth and differentiation. (10) Although P-cadherin expression and its significance have been investigated for several malignancies, its prognostic value remains controversial. P-cadherin overexpression is associated with aggressiveness and ⁄ or poor prognosis in breast, (11, 12) endometrial, (13) ovarian (14) and colorectal cancers, (15) but with better prognosis in oral squamous cell (16, 17) and gastric cancers, (18) and melanomas. (19) Promoter methylation of the P-cadherin gene (CDH3) is a proposed mechanism of its overexpression in cancer tissues. (18) Our previous study demonstrated that P-cadherin is overexpressed in a wide range of malignancies, including ICC and pancreatic cancer, and that it may represent a promising target for the immunotherapy of these cancers. (20) To our knowledge, no study has focused on the relevance of P-cadherin expression to clinicopathological features, longterm outcomes, or the relationship between its expression and promoter methylation status in ICC and pancreatic cancer patients. In this study, we elucidated the clinical and biological significance of P-cadherin and the regulation mechanism of its expression by CDH3 promoter methylation in these cancers. (21) The median follow-up period after surgery was 27.0 months (range: 2.5-96.4). Signed informed consent was obtained from all patients. In addition, we collected 27 frozen pancreatic cancer tissues for methylation-specific PCR (MSP) analysis. The study protocol was approved by the Human Ethics Review Committee of the Graduate School of Life Sciences, Kumamoto University.
Material and Methods
Immunohistochemical staining and scoring. Immunohistochemical staining was performed on 3-lm, formalin-fixed, paraffin-embedded sections, as described previously. (20, 22) Briefly, endogenous peroxidase activity was blocked using 3% H 2 O 2 for 5 min. Sections were incubated with mouse anti-human P-cadherin antibody (clone 56; BD Biosciences, Tokyo, Japan) overnight at 4°C, and then incubated with a biotin-free HRP-labeled polymer of the EnVision Plus detection system (Dako, Tokyo, Japan). Positive reactions were visualized with diaminobenzidine solution, followed by counterstaining with Mayer's hematoxylin. P-cadherin staining was scored on the basis of the percentage of positively stained cells by counting >500 cancer cells. When the cut-off value was defined as the median value, ≤15% staining was classified as low expression (P-cadherin low ) and ≥15% as high expression (P-cadherin high ) in ICC and pancreatic cancer patients. Assessment of immunohistochemical results was based on a semiquantitative evaluation, which did not include staining intensity.
Cell lines and culture. The cholangiocarcinoma cell lines HuCCT-1 and HuH28 were purchased from the Japanese Collection of Research Bioresources (Osaka, Japan); and the RBE, SSP25 and YSCCC cell lines from the RIKEN Bioresource Center (Ibaraki, Japan). RBE, HuCCT-1, HuH28, SSP25 and YSCCC cell lines were cultured in RPMI-1640 (Invitrogen, Tokyo, Japan) containing 10% FBS, and the OZ cell line was cultured in Williams' E medium (Invitrogen) containing 10% FBS. The pancreatic cancer cell lines, such as Panc1, PK-8, PK-59, KLM-1 and MiaPaCa-2, were purchased from the RIKEN Bioresource Center (Ibaraki, Japan), and the Hs700T cell line from the American Type culture collection (Manassas, VA, USA). Panc1, PK-8, PK-59 and KLM-1 cell lines were cultured in RPMI-1640 containing 10% FBS, and the MiaPaCa-2 and Hs700T cells were cultured in D-MEM (Invitrogen) containing 10% FBS. All cultures were maintained in a 5% CO 2 air-humidified atmosphere at 37°C.
Depletion of P-cadherin by synthetic small-interfering RNA.
Two individual P-cadherin-specific siRNA were chemically synthesized with the following sequences:
0 (Ambion). Stealth RNAi negative control (Invitrogen) was used as a negative control. The dose of siRNA was set at 100 nM to cause ≤20% inhibition of P-cadherin compared with the negative control. Twenty-four hours after plating, cells were transfected with 3.0 nM P-cadherin-siRNA or control siRNA using Lipofectamine transfection reagent RNAiMAX (Invitrogen) in accordance with the manufacturer's instructions. At 48 h after transfection, cells were harvested and subjected to western blotting. Each transfection was performed in triplicate and repeated three times, as described previously. (23) Lentiviral gene transfer. Lentiviral vector-mediated gene transfer was performed as described previously. (24) Briefly, 17 lg of CSII-CMV-RfA and CSIIEFRfA self-inactivating vectors, (20) carrying CDH3 cDNA and 10 lg of pCMV-VSV-G-RSV-Rev and pCAG-HIVgp were transfected into 293T cells grown in a 10-cm culture dish by using Lipofectamine 2000 reagent (Invitrogen). At 60 h after transfection, medium was recovered and viral particles were pelleted by ultracentrifugation (50 000 g, 2 h). The pellet was suspended in 50 lL of RPMI 1640, and 10 lL of viral suspension was added to 5 9 10 4 RBE or MiaPaCa-2 cells per well in a flat-bottomed 96-well plate. Expression of the transfected P-cadherin gene was confirmed by western blotting.
Western blotting. To isolate the proteins, cells collected from 6-well plates were washed once in PBS and lysed in RIPA buffer (50 mM Tris ⁄ HCl [pH 7.5], 150 mM NaCl, 1% [v ⁄ v] Nonidet P-40, 0.5% sodium deoxycholate and 0.1% sodium dodecyl sulfate [SDS] ) and protease inhibitor. Each protein sample (12 lg) was resolved by SDS-polyacrylamide gel electrophoresis, transferred onto a polyvinylidene difluoride membrane, and incubated with P-cadherin mouse monoclonal antibody (1:500 dilution). Signals were detected by incubation with secondary antibodies labeled with the ECL Detection System (GE Healthcare, Little Chalfont, UK).
Matrigel invasion assay. Biocoat Matrigel-coated invasion chambers (BD Biosciences, CA, USA) were used to examine cell invasiveness. Transfected cells were grown to 90% confluence in 6-well plates and seeded. Briefly, 5 9 10 4 HuCCT-1 or MiaPaCa-2 cells and 1 9 10 5 PK-59 or RBE cells in 500 lL of serum-free medium were added to the upper chamber. Medium containing 10% FBS was added to the lower chamber. Serum-free medium was added to the lower chamber of control wells. Cells were allowed to invade the Matrigel for 24 h at 37°C in 5% CO 2 atmosphere. After 22 h, non-invading cells were removed with a cotton swab, and the invading cells were stained with 1% toluidine blue and counted under a microscope at 920 magnification.
Scratch assay. Transfected cells were grown to 90% confluence. Subsequently, these cells were moved to 6-well plates and were grown to 95% confluence. A wound was created by scratching cells with a sterile 1000 lL pipette tip. Cells were washed with serum-free medium to remove floating cells, and fresh serum-free culturing medium was added. Photographs of the wound were obtained under 910 magnification at appropriate times. Wound distances were measured and averaged from three points per wound area as a baseline width, and the width of the mean wound distance was calculated. To evaluate wound closures, the points along each wound were marked, and the horizontal distance the migrating cells traveled into the wound was measured.
Proliferation assay. Transfected cells were grown to 90% confluence in 6-well plates and were seeded in 96-well plates at a density of 1500 cells per well. Medium in each well was changed daily. Viable cholangiocarcinoma cell numbers were measured for 0, 24, 48, 72, 96 or 120 h with a Cell Counting Kit-8 that contained 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium (Dojin Laboratories, Kumamoto, Japan), according to the manufacturer's instructions. Optical density was measured at 450 nm using an automatic microplate reader (Molecular Devices, Osaka, Japan). Each experiment was performed in triplicate.
Methylation-specific PCR analysis. Genomic DNA was extracted from the cholangiocarcinoma and pancreatic cancer cell lines and ICC tumor tissues using standard proteinase-K digestion followed by QI Amp DAN FFPE Tissue Kit (Qiagen, Tokyo, Japan). Extracted genomic DNA was modified with sodium bisulfite using an EpiTect Bisulfite kit (Qiagen -test was used to analyze relationships between categorical variables. Kaplan-Meier survival plots were generated and comparisons were made using log-rank tests. To estimate risk factors for recurrence and survival by Cox proportional hazards regression analysis, continuous variables were converted into binary. P < 0.05 was considered significant.
Results
P-cadherin expression is associated with clinicopathological features and poor prognosis in patients with intrahepatic cholangiocarcinoma or pancreatic cancer. We examined the relationship between P-cadherin expression and clinicopathological features in 59 patients with ICC and 73 with pancreatic cancer by immunohistochemistry. Thirty of 59 ICC cases (51%) and 36 of 73 pancreatic cancer cases (49%) stained positive for P-cadherin, with mainly membranous distribution in tumor cells (Fig. 1) . No staining was detected in their normal ductal or acinar cells. P-cadherin expression was significantly correlated with tumor diameter (P = 0.0006) and lymph node (LN) metastasis (P = 0.044) in ICC (Suppl . Table S1 ), and with gender (P = 0.026), posterior tissue invasion (P = 0.046) and other organ invasion (P = 0.015) in pancreatic cancer (Suppl . Table S2 ). Survival analyses revealed that the cumulative disease-free survival (DFS) and overall survival (OS) were significantly shorter in patients with P-cadherin positive tumors than in those with P-cadherin negative tumors in ICC (P = 0.019, Fig. 2a ; P = 0.0012, Fig. 2b , respectively). In patients with pancreatic cancer, although DFS was significantly worse in patients with P-cadherin positive tumors (P = 0.026, Fig. 2c ), OS did not differ significantly between the groups (P = 0.17, Fig. 2d ). Multivariate analyses identified high P-cadherin expression to be an independent predictor for DFS in both ICC (hazard ratio [HR] 2.93, P = 0.044, Table 1 ) and pancreatic cancer (HR 2.68, P = 0.005, Table 2 ). Although univariate analysis revealed that high expression levels of P-cadherin affects OS in ICC, its significance was not retained in multivariate analysis (HR 2.70, P = 0.07, Table 1 ).
Expression of P-cadherin in cholangiocarcinoma and pancreatic cancer cell lines. We investigated P-cadherin expression in 6 cholangiocarcinoma and 6 pancreatic cancer cell lines by western blotting (Fig. 3a) . P-cadherin was highly expressed in HuCCT-1, YSCCC and OZ cholangiocarcinoma cells, and in PK-8, PK-59 and KLM-1 pancreatic cancer cells. For subsequent RNA interference (RNAi) analyses, we generated two Silencer Select siRNA that target different regions of the P-cadherin transcript. Both siRNA efficiently blocked P-cadherin expression in HuCCT-1 and PK59 (Fig. 3b) . We used P-cadherin-siRNA#2 in later experiments. Furthermore, we transfected a human P-cadherin expression vector into RBE and MiaPaCa-2 cells, both of which do not express P-cadherin. P-cadherin overexpression was confirmed by western blotting in these two cell lines (Fig. 3c ).
Effects of P-cadherin expression on invasiveness migration, and proliferation in cancer cells. We examined the effect of RNAi-mediated P-cadherin repression on the invasiveness, migration and growth of cholangiocarcinoma (HuCCT1) and pancreatic cancer cells (PK59). Inhibition of P-cadherin led to significantly fewer invasive cells in the Matrigel cell invasion assay (P = 0.014 in HuCCT1 and P = 0.026 in PK59; Fig. 4a ).
Inhibition of P-cadherin resulted in significantly decreased cell migration (P = 0.002 in HuCCT1 and P = 0.009 in PK59; Fig. 4b ). Inhibition of P-cadherin had no effect on cell proliferation (P = 0.33 in HuCCT1, P = 0.38 in PK59; Fig. 4c ). Subsequently, we examined the effect of P-cadherin overexpression on invasiveness, migration and proliferation in cancer cells. P-cadherin overexpression led to increased invasiveness (P = 0.0061 in RBE, P = 0.019 in MiaPaCa-2; Fig. 4d ) and migration (P = 0.0005 in RBE, P = 0.006 in MiaPaCa-2; Fig. 4e ), but had no effect on cell proliferation (P = 0.26 in RBE, P = 0.74 in MiaPaCa-2; Fig. 4f ).
P-cadherin overexpression is associated with promoter hypomethylation in cholangiocarcinoma and pancreatic cancer cells. To evaluate the association between P-cadherin expression and its promoter methylation in cholangiocarcinoma and pancreatic cancer cells, we investigated the promoter methylation status by MSP analysis. HuCCT-1, YSCCC and OZ cholangiocarcinoma cells, and PK-8, PK-59 and KLM-1 pancreatic cancer cells, which express high levels of P-cadherin, had completely hypomethylated CDH3 promoter regions in comparison with cells that express low levels of P-cadherin (Fig. 5a ). We treated RBE and MiaPaCa-2 cells, which present no expression of P-cadherin and methylated CDH3 promoter regions, with the demethylating agent 5-aza-2V-deoxycytidine (5 lmol ⁄ L, 5 days). Complete hypomethylation of the CDH3 promoter region was closely correlated with increased P-cadherin protein expression (Fig. 5b) . We then selected 20 resected ICC specimens, including 10 representative P-cadherin-positive and P-cadherin-negative cases each (as confirmed by immunohistochemistry), and examined their CDH3 promoter methylation status by MSP. Of the 10 P-cadherin-positive cases, only 4 contained methylated CDH3 promoter regions (Fig. 5c) , whereas all 10 P-cadherin-negative cases had methylated CDH3 promoter regions (Fig. 5d) . In addition, we selected 27 resected pancreatic cancer specimens from 2012, including 13 representative P-cadherin-positive and 14 representative P-cadherin-negative cases (as confirmed by immunohistochemistry), and examined their CDH3 promoter methylation status by MSP. Of the 13 P-cadherin positive cases, only 4 cases showed methylated CDH3 promoter regions (Fig. 5e) , whereas 12 of the 14 P-cadherin negative cases had methylated CDH3 promoter regions (Fig. 5f) .
Discussion
In the current study, P-cadherin expression was significantly correlated with several clinicopathological factors, and was identified as an independent adverse prognostic factor for DFS in both ICC and pancreatic cancer. Downregulation of P-cadherin by siRNA suppressed the migration and invasion, and overexpression of P-cadherin induced the opposite effects in both ICC and pancreatic cancer cells. P-cadherin expression was found to be related to its promoter hypomethylation.
To our knowledge, this is the first study to demonstrate the relationship between P-cadherin expression and clinicopathological features and prognosis in ICC and pancreatic cancer. P-cadherin expression was significantly correlated with tumor diameter (P = 0.0006) and LN metastasis (P = 0.044) in ICC (Suppl . Table S1 ), and with gender (P = 0.026), posterior tissue invasion (P = 0.046) and other organ invasion (P = 0.015) in pancreatic cancer (Suppl . Table S2 ). DFS was significantly shorter in patients with P-cadherin-positive tumors than in those with P-cadherin negative tumors in both ICC (P = 0.019) and pancreatic cancer (P = 0.026); these results were confirmed by multivariate analyses. Although the prognostic role of P-cadherin expression on clinicopathological features is controversial depending on the cancer type, our results demonstrate that P-cadherin expression reflects tumor aggressiveness and disease recurrence in ICC and pancreatic cancer.
However, how P-cadherin affects tumor behavior is still unclear; there is a discrepancy in its role between different cancer types. Although previous studies have demonstrated an antiinvasive function for P-cadherin in melanoma (25) and colon cancer, (26) other studies have revealed pro-invasive functions in urinary bladder, (26) breast, (27) ovarian (28) and pancreatic cancers. (29) Taniuchi et al. (26) demonstrate that P-cadherin overexpression promotes the motility of pancreatic cancer cells by interacting with p120ctn and, consequently, activating Rho-family GTPases, Rac1 and Cdc42. In the current study, P-cadherin downregulation suppressed migration and invasion, and P-cadherin overexpression induced the opposite effects in both ICC and pancreatic cancer cells, without affecting cell proliferation activity. These results suggest that P-cadherin overexpression in cancer cells is associated with invasive phenotype and malignant behavior of ICC and pancreatic cancer. Cadherin-switching plays a crucial role in tumor progression in several types of cancer, including ovarian, (28) bladder (30, 31) and prostate cancer. (32) Cadherin-switching involves changes in the expression of different types of cadherin; switching from E-cadherin to N-cadherin or to P-cadherin is observed during tumorigenesis. (15, (33) (34) (35) E-cadherin downregulation is a hallmark of epithelial-mesenchymal transition (EMT), which affects cancer cell migration and invasion. (36) Therefore, EMT may play a role in regulating cancer cell migration and invasion by P-cadherin expression. However, in previous studies on colon cancer and ICC, knockdown of P-cadherin in cancer cells did not induce any change in the expression of EMT markers, including vimentin, slug, snail and twist. (15, 37) Similarly, in the present study, E-cadherin and vimentin expression was not altered upon overexpression or downregulation of P-cadherin in ICC and pancreatic cancer cells (data not shown). These findings suggest that P-cadherin promotes migration and invasion of cancer cells in an EMT-independent manner.
Van Marck et al. (26) reported that the role of P-cadherin in cancer cell adhesion and invasion depends on the cancer type. They demonstrate that, in colon cancer cells, P-cadherin functions as a pro-adhesive and anti-invasive ⁄ anti-migratory molecule, similar to E-cadherin. In contrast, in bladder cancer, P-cadherin functions as an anti-adhesive and pro-invasive ⁄ promigratory molecule. The latter phenomenon is more often observed in several types of cancer, including ICC and pancreatic cancer. These findings suggest that the role of P-cadherin and the significance of cadherin-switching during tumorigenesis should be determined individually in each cancer type.
DNA methylation of CpG islands on promoters is a major gene-regulation mechanism. P-cadherin expression is significantly correlated with promoter hypomethylation in breast, (11) gastric, (18) and colorectal cancers. (38) In the present study, P-cadherin overexpression was correlated with hypomethylation of the CDH3 promoter, whereas treatment of cells that lacked P-cadherin expression with 5-aza-2 0 -deoxycytidine induced its expression, accompanied with hypomethylation of the CDH3 promoter region in cholangiocarcinoma and pancreatic cancer cells. These phenomena were also observed in specimens isolated from ICC and pancreatic cancer patients. Of the 10 high P-cadherin-expressing ICC tissues, only 4 contained methylated CDH3 promoter regions (Fig. 5c) , whereas all 10 low P-cadherin-expressing ICC tissues had methylated CDH3 promoter regions (Fig. 5d) . Similarly, of the 13 P-cadherin high P-cadherin-expressing pancreatic cancer tissues, only 4 contained methylated CDH3 promoter regions (Fig. 5e) , whereas 12 of the 14 P-cadherin negative cases had methylated CDH3 promoter regions (Fig. 5f ). Although the discrepancies observed in some cases imply that other mechanisms also mediate P-cadherin expression, our findings indicate that CDH3 promoter methylation is a major regulator of P-cadherin expression in ICC and pancreatic cancer.
In conclusion, our data demonstrate that P-cadherin overexpression is a potential biological marker for invasive phenotype and poor prognosis in ICC and pancreatic cancer, and that P-cadherin expression is possibly regulated by hypomethylation of the CDH3 promoter region. The present study suggests that P-cadherin and its hypomethylation process represent novel therapeutic targets for ICC and pancreatic cancer.
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